Chromatoid body (CB) is a typical cytoplasmic organelle of germ cells, and it seems to be involved in RNA/protein accumulation for later germ-cell differentiation. Despite most of the events in mammals spermatogenesis had been widely described in the past decades and the increase in the studies related to the CB molecular composition and physiology, the origins and functions of this important structure of male germ cells are still unclear. The aims of this study were to describe the nucleolar cycle and also to find some relationship between the nucleolar organization and the CB assembling during the spermatogenesis in mammals. Cytochemical and cytogenetics analysis showed nucleolar fragmentation in post-pachytene spermatocytes and nucleolar reorganization in post-meiotic spermatids. Significant difference in the number and in the size of nucleoli between spermatogonia and round spermatids, as well as differences in the nucleolar position within the nucleus were also observed. Ultrastructural analysis showed the CB assembling in the cytoplasm of primary spermatocytes and the nucleolar fragmentation occurring at the same time. In conclusion our results suggest that the CB may play important roles during the spermatogenesis process in mammals and that its origin may be related to the nucleolar cycle during the meiotic cell cycle.
Introduction
Spermatogenesis is the biological process of gradual transformation of germ cells into spermatozoon over an extended period of time within the boundaries of the seminiferous tubules of the testis. This process involves cellular proliferation by repeated mitotic divisions, duplication of chromosomes, genetic recombination through crossover, reduction division by meiotic cell division to produce haploid spermatids, and terminal differentiation of the spermatids into spermatozoon [1] . This important biological process has been extensively studied and described, and currently there are appropriate biological terminologies to describe every step of the spermatozoon formation [2] . However, there are some recent important aspects of the spermatogenesis, as, for example, the assembling and the function of the chromatoid body (CB), which is not so clearly understood. The CB is a typical cytoplasmic organelle of haploid germ cells and is involved in RNA and protein accumulation for later germcell differentiation [3, 4] . Many studies have been carried out intending to clarify the origins and functions of this intriguing cytoplasmic structure of male germ cells. Recent efforts to elucidate the functions of the CB have been detecting the presence of the Mouse Vasa Homologue protein (MVH), which is an ATP-dependent DEAD-box RNA helicase playing a role in the establishment and differentiation of germ cells, closely associated with CB in several organisms [5] [6] [7] [8] . Another interesting molecular component of CBs 2 ISRN Cell Biology is the MAEL protein, an ortholog of Drosophila's highmobility group box protein Maelstrom that is associated not only with the silenced XY body but also with unsynapsed autosomes interacting directly with the chromatin remodeler SNF5/INI1 and chromatin-associated protein SIN3B. The presence of MAEL in this critical compartment of male germ cells and its interactions provide a link suggesting the involvement of the miRNA pathway in meiotic silencing of unsynapsed chromatin (MSUC) [9] . Despite many efforts to elucidate the CB functions, its main function is still unclear. CB origin is also still uncertain although many theories trying to elucidate it exist. Some authors suggest that the origin of the CB is nuclear [10, 11] . Others have proposed that the CB precursor is a dense interstitial material occurring between mitochondrial clusters [12] , or that it is a result of the mitochondrial products that are released in the cell cytoplasm [13] . However, still others have suggested that the CB originates from nuages, a ribonucleoproteic complex derived from the nucleolus, which migrates to the cytoplasm during earlier spermatogenesis [14] [15] [16] [17] [18] .
The nucleolus is a distinct nuclear territory involved in the compartmentalization of nuclear functions [19] . Therefore, ribosome biogenesis is the main function attributed to the nucleolus [20] [21] [22] , and many studies have shown that nucleolus also has nonribosomal functions, including nucleotide modifications of several small RNAs, biosynthesis of the signal recognition particle and phased sequestration, and the release of proteins involved in gene silencing, senescence, and cell division [23] . Moreover, some proteins that are involved in the control of the cell cycle, such as Net1, Cdc14, and Sir2, are located in the nucleolar compartments [24] [25] [26] [27] , along with the tumor suppressor proteins ARF [28] , p53, and Myc [29] . The nucleolus of germ cells seem to be involved in meiotic cell-cycle control, because most of the Pch2 protein, which is required for the meiotic checkpoint that prevents chromosome segregation when recombination and chromosome synapses are defective, localizes to the nucleolus [30] .
Since both nucleolar and CB physiology are very important to the spermatogenesis process, the aims of the present study were to describe the nucleolar cycle and also to find some relationship between nucleolar organization and CBassembling process during the spermatogenesis in mammals. This study was performed by using cytochemical, cytogenetics, and ultrastructural analysis to follow the nucleolar cycle and the CB assembling in the seminiferous epithelium of Oryctolagus cuniculus (Mammalia, Lagomorpha).
Material and Methods
Investigations were carried out on 5 adult male Oryctolagus cuniculus (Mammalia, Lagomorpha). The animals were obtained from Sao Jose do Rio Preto School of Medicine Vivarium (FAMERP, Sao Jose do Rio Preto, SP, Brazil). All animals were housed under standard conventional conditions (25 • C, 40-70% relative humidity, 12 h light/12 h dark) and allowed access to chow and water ad libitum. The animals were anaesthetized and killed by carbon dioxide gas inhalation, and after their deaths the animals were dissected, and their gonads were removed and prepared for each biological analysis.
Cytochemical Analysis.
Testes of each animal were removed and immersed in a Karnovsky fixative solution for 36 hours. The material was embedded in glycol-methacrylate historesin. Sections (1-3 µm thick) were obtained in Leica RM 2155 microtome. Tissue sections were submitted to various cytological and cytochemical procedures, including hematoxylin-eosin (HE) [31] , toluidine blue (TB), modified Critical Electrolyte Concentration for detecting RNA (CEC) [32] , silver-ion impregnation (AgNOR) [33] , and Feulgen reaction [34] . The sections of germ epithelium were evaluated under an Olympus BX 60 photomicroscope and documented using Image Pro-Plus; Media Cybernetics computer software, version 6.1 for Windows for image analysis.
In addition to the qualitative analysis of the nucleolar material distribution, the tissue sections that were subjected to silver ion impregnation were used for quantitative analysis, in order to determine the number of nucleoli in the spermatogonia and round spermatids, and also to measure the nuclear and nucleolar areas in the same types of cells.
Determination of the Number of Nucleoli in the Spermatogonia and Round
Spermatids. The number of nucleoli was determined in all spermatogonia and round spermatids recorded in this study. Spermatogonia (144.2 ± 9.47) and round spermatids (169.2 ± 13.81) were considered from each specimen studied (n = 5). Due to the different amount of cells analyzed in each cell type, the percentage of the number of nucleolus in each cell type was calculated.
Measuring the Nuclear and Nucleolar
Areas of the Spermatogonia and Round Spermatids. Spermatogonia and round spermatids were photodocumented using an Olympus BX 40 photomicroscope and Image Pro-Plus Media Cybernetics computer software, version 4.5 for Windows. Next, both nuclear and nucleolar areas of these cells were measured using Image J-Image Processing and Analysis in Java software, Version 1.40 (http://rsb.info.nih.gov/ij/) for image analysis. The cells that had one single nucleolus were measured immediately, while the total area of those with two or more nucleoli was calculated by adding up the areas of each individual nucleolus.
Data Analysis.
Normal distribution of the dataset was tested using Skewness and Kurtosis analysis [35] , and variance homogenity was tested using the F max test [36] . The number of nucleoli was compared between spermatogonia and round spermatids, and also within the same cell type using the Two-Factor Analysis of Variance, which was complemented using the LSD multiple comparisons test [36] . Nuclear and nucleolar areas of spermatogonia were compared to nuclear and nucleolar areas of round spermatids using an independent t test [36] . Statistical significance was considered when P > 0.05. 
Cytogenetic Analysis.
Standard meiotic cells were obtained using the method introduced by [37] and adapted by [38] . Soon after, the testes were sectioned into small fragments and submitted to hypotonic treatment with 0.075 M KCl for 20-30 min. The material was then treated with a fresh fixative solution (methanol : glacial acetic acid, 3 : 1) for 30 min, and this procedure was performed a minimum of two times per fragment. After fixation, some fragments were placed in the well of a depression slide with some drops of a 50% glacial acetic acid solution and mixed until a homogeneous cell suspension was obtained. One drop of this suspension was then deposited onto a clean slide, and heated to about 38
• C with the aid of a fine-tipped Pasteur pipette. The drop was then sucked back into the pipette, forming a cell ring measuring about 1 cm in diameter on the slide, with the cells preferentially deposited on the border of the ring. These last two steps were repeated on 2-3 additional fields of the same slide. Then, the slides were submitted to silver ion impregnation (AgNOR) [33] to follow the nucleolar material distribution during the meiotic division in the germ cells. The preparations were evaluated under an Olympus BX 60 photomicroscope and documented using Image ProPlus; Media Cybernetics, version 6.1 for Windows computer software for image analysis.
Ultrastructural Analysis.
Testes fragments of each animal were removed and sliced into small pieces, and samples of the germ epithelium were cut and immersed in a 3% glutaraldehyde plus 0.25% tannic acid solution in Millonig's buffer (pH 7.3) containing 0.54% glucose for 24 hours at room temperature [39] . After being washed with the same buffer, samples were postfixed in 1% osmium tetroxide for 1 hour at 4
• C, washed in Millonig's buffer, dehydrated in a graded acetone series, and embedded in Araldite resin. Ultrathin silver sections (50-75 nm) were cut using a diamond knife and stained with 2% alcoholic uranyl acetate for 30 min [40] , followed by 2% lead citrate in sodium hydroxide for 10 min [41] . Samples were evaluated using a Leo-Zeiss 906 (Cambridge, UK) transmission electron microscope and documented using ITEM (Soft Image System-Veleta 2K × 2K TEM CCD Camera) software for image analysis. 
Ethics Note. This study was approved by the Ethical

Results
Cytochemical Analysis.
Hematoxylin-eosin (HE) cytological analysis was used to confirm the spermatogenesis pattern in the seminiferous tubules (Figure 1(a) ). Stadia of development and type of cells present in the germ epithelium were ranked according to Leblond and Clermont [42] . Toluidine blue (TB) reaction revealed the cells of the male germ epithelium with an intense metachromasy in all of the nuclear domains (euchromatin, heterochromatin, nucleolus, and chromosomes) (Figures 1(c), 1(d), and 1(e) ). The degree of metachromasy varied according to the compaction of genetic material, the ploidy of the cell nucleus, and the complexity of the nucleic acids with ribonucleoproteic (RNP) corpuscles. The TB reaction was performed as a control for the critical electrocyte concentration (CEC) variant method for RNA detection. CEC revealed spermatogonia with metachromatic nucleoli (Figure 1(f) ), primary spermatocytes with fragmented nucleoli and nucleolar fragments surrounding the chromosomes (Figure 1(g) ), and round spermatids with no organized nucleoli (Figure 1(h) ). Several residual bodies were detected in the seminiferous epithelium lumen (Figure 1(b) ). Feulgen reaction is a DNA-specific method in which all germ cell nuclei are dyed purple and are categorized according to their degree of ploidy, functional stage, and compaction of chromatin. Heterochromatic regions were more intensively dyed, and nucleoli were seen as light spots connected to these heterochromatic regions. In the spermatogonia (Figure 1(i) ), the nucleolar area was larger than in both primary spermatocytes (Figure 1(j) ) and round spermatids (Figure 1(k) ), indicating the occurrence of fragmentation and reduction of the nucleolar area in the latter's cell type. Impregnation using silver ion (AgNOR) revealed the nucleolar regions in different germ cells. Spermatogonia were found to possess organized nucleoli (Figure 1(l) ), primary spermatocytes possessed fragmented nucleoli (Figure 1(m) ), and round spermatids possessed reorganized nucleoli (Figure 1(n) ) although they were found to be smaller than the spermatogonium nucleoli.
Determination of the Number of Nucleolus in the Spermatogonia and Round Spermatids.
There was a correlation between the cell type and the number of nucleoli (F = 3.63; P > 0.05). This correlation showed that the number of spermatogonia with one nucleolus was lower than the number of round spermatids with the same number of nucleolus. However, spermatogonia possessed 2, 3, or 4 nucleolus as frequently as round spermatids (Figure 2(a) ).
Sizes of the Nuclear and Nucleolar Areas of the Spermatogonia and Round
Spermatids. There were significant differences between the nuclear areas of spermatogonia and round spermatids (t = 9.64; P > 0.05), and also between the nucleolar area of spermatogonia and round spermatids (t = 10.14; P > 0.05). In both results, the areas of spermatogonia were larger than the areas of round spermatids (Figure 2(b) ).
Cytogenetic Analysis.
Spermatogonia going through mitotic metaphase were not observed in the cytogenetic preparations, but the chromosomic number of the species was established as 2n = 44 according to Korstanjea et al. [43] . Standard meiotic preparations impregnated using the silver ion method showed spermatogonia with large central nucleoli (Figure 3(a) ). In primary spermatocytes in the zygotene stage (Figure 3(b) ), fragmented nucleoli and nucleolar fragments distributed in the periphery of the nucleus and also surrounding the chromosomes were observed. Primary spermatocytes in pachytene stage (Figure 3 periphery of the nucleus. In advanced meiotic stages, such as metaphase I (Figure 3(d) ), no nucleolar corpuscles were observed; however, strong spots of silver impregnation were observed in some chromosomes probably in the place where nucleolar organizer regions (NORs) are located. Round and elongated spermatids were observed possessing 1 to 4 nucleolar corpuscles (Figures 3(e) and 3(f) ) preferentially located in the periphery of the nucleus. Spermatozoon possessed a strong silver ion impregnation in their middle piece and tail region (Figure 3(g) ).
3.3. Ultrastructural Analysis. Spermatogonia did possess reticulated nucleoli organized in the nucleus center, but neither ribonucleoprotein nuages nor initial chromatoid bodies (CB) assembling was observed (Figures 4(a) and 4(b) ). Complete nucleolar disorganization and cytoplasmic accumulation of ribonucleoprotein were observed in the primary spermatocytes in pachytene stages. Ribonucleoprotein accumulation in the cytoplasm of primary spermatocytes was observed both unassociated with other structures (Figure 4(b) ) or in association with mitochondrial aggregates (Figures 4(c) and 4(d) ). Nucleoli fully organized were observed again in the nucleus of round spermatids (Figures 4(e) and 5(a)), and CBs were observed in association with mitochondrial aggregates in the anterior nuclear region, where acrosome formation takes place (Figures 4(e) , 4(f), 5(a), and 5(b)). Elongated spermatids were shown also possessing organized nucleoli, and the migration of the complex composed by CB and mitochondrial aggregations to the posterior nucleus region, where the mitochondrial sheath and spermatozoon tail formation take place, was also observed (Figures 5(c) , 5(d), and 5(e)). No dense ri-bonucleoprotein corpuscles were observed in the residual bodies after the formation of the mature spermatozoon ( Figure 5(f) ).
Discussion
Most recent studies focused on the molecular composition and function of the chromatoid body (CB), a structure present in the cytoplasm of male germ cells, suggest that this structure acts as a subcellular coordinator of different RNA-processing pathways and centralizes posttranscriptional mRNA control in the cytoplasm of haploid male germ cells [7, 44, 45] . The CB seems to be very important in the spermatogenesis process since mutations in some proteins located in this structure, such as tudor proteins (TDR1/MTR-1) and rat histocompatibility antigen (OX3) cause sterility in rats [46, 47] . Besides of the importance of this structure, its origins are not fully understudied, and many different theories were thought aiming to understand where the CB molecular components come from nucleus [10, 11] , mitochondria [12, 13] , and/or nucleolus [14] [15] [16] [17] [18] . The nucleolus is a nuclear domain whose main function is linked to the ribosome synthesis [19] . However, many studies have shown that the nucleolus also has nonribosomal functions, including mitosis regulation, cell-cycle progression, cell proliferation, cell stress, biogenesis of ribonucleoprotein particles, cancer, viral infections, and degenerative diseases [21] . Nucleolus size also increases and decreases in growing and resting cells, respectively, and it forms and disperses once every cell-division cycle [48, 49] . Nucleolar fragmentation and distribution of its fragments were evaluated by qualitative and quantitative cytochemical and cytogenetics analyses. Ultrastructural analyses were applied to verify if the nucleolar fragments produced during the meiotic division play a role in the CB assembling.
Qualitative cytochemical and cytogenetics analysis showed one to four central nucleolar corpuscles, could be observed in the nucleus of spermatogonia. In primary spermatocytes going through pachytene stage no organized nucleolar corpuscles were observed, and nucleolar fragments were distributed in the nuclear periphery. One to 4 organized nucleolar corpuscles could be observed in the nuclear periphery of the round spermatids after the completion of the second meiosis (Figures 1 and 3) . Two major events could be noticed regarding the nucleolar cycle during meiotic cell division progression: the nucleolar fragmentation in the primary spermatocytes and the peripheral location of nucleolar corpuscles in the round spermatids.
The phenomenon of nucleolar fragmentation during prophase I and its subsequent reorganization after meiosis completion have been described in detail over the past two decades (e.g., [17, 18, [51] [52] [53] ). A decrease in the amount of C23 protein, which is responsible for rRNA transcription, and a decrease in the amount of B23 protein, which is responsible for rRNA splicing, were also observed in the nucleoli of both primary spermatocytes and round spermatids [54] . Those reports suggest that nucleolar fragmentation occurs during early meiotic prophase I and after the completion of the meiotic division smaller nucleoli are reorganized in the nuclei of round spermatids. It also has been shown that, in most chordates, there is increased nucleolar activity during prophase I, and that nucleolar activity reaches its peak during pachytene [49, 55, 56] , which helps to explain the nucleolar fragmentation occurring only after this cell-cycle stage. Organized nucleoli were not observed in the nucleus of elongated spermatids or in mature spermatozoon. The presence of a nucleolus is not necessary for the spermatozoon, because, after fecundation, the nucleoli of the male and female pronuclei in the zygote are both of maternal origin. Recent studies have suggested that the maternal nucleolus, associated with other nucleoplasmic products, is essential for embryonic development [57] . Peripheral nucleoli were also reported by [58] where the nucleolar position in the nucleus was linked to the NORs location. Species with terminal NORs possessed peripheral nucleoli while species with intercalated NORs possessed central nucleoli. The authors concluded that the distribution of nucleoli within the nuclear space of spermatocytes is nonrandom, and it is consistent with the existence of a species-specific meiotic nuclear architecture. Quantitative cytochemical analyses showed that the number of nucleoli was different between the different germ cells analyzed because round spermatids had one single nucleolus more frequently than spermatogonia did (Figure 2(a) ). This result suggests a decrease in the number of nucleoli during the meiotic division process. Previous studies reported that the number of nucleoli of germ cells is related to their number of RONs [49, 59] . Diploid spermatogonia are therefore expected to have twice as many nucleoli as the round haploid spermatids, which agree with our result. There was also a notable difference in the nucleolar area of the different germ cells. We observed that nuclear and nucleolar areas of spermatogonia were larger when compared to nuclear and nucleolar areas of the round spermatids (Figure 2(b) ). The size of a nucleolus is proportional to the amount of rRNA synthesized [60] ; NOR size (the number of rRNA cistrons) is generally correlated with its expression level [61] ; hypertrophy of the nucleolus is a state in which rRNA and ribosome synthesis has increased [62] ; the size of the largest nucleoli may correlate with cell-division activity and also with cellular stages having high-protein demand [63] . All of these findings may be related to the decrease in nucleolus size in the round spermatids, but its decrease can also be explained by the migration of the nucleolar fragments to the cytoplasm of germ cells in prophase I, where they may play a role in CB assembling as previously proposed [14, [16] [17] [18] . If nucleolar proteins would play a role in the CB physiology acting in the RNA processing or if they would be translocated to the CB because they are targeted for degradation in late steps of the spermatogenesis process is a question that still needs to be clarified. However, it has been shown that nucleolar morphology reestablishment is an important factor to the reset of lifespan in gametogenesis by eliminating age-induced cell damage [64] , and some nucleolar proteins could be translocated to the CB during this nucleolar morphology reestablishment process. We hypothesized here the nucleolar and other nuclear components role in the molecular composition and physiology of the CB ( Figure 6 ). Ultrastructural analysis did not show evidences of ribonucleoprotein accumulation, which would originate the [50] . In late first spermatocytes there is a peak of nucleolar activity followed by nucleolar disorganization, and some of the nucleolar components become disperses through the cytoplasm. In this stage there is an intense transcription of mRNA that will be silent for later translation during germ-cell differentiation, and also many other nuclear products, which will play a role in the CB molecular composition, are in transit nucleus cytoplasm. There is a drastic inhibition of transcriptional activity during the meiotic divisions, and mRNA storage and translational regulation by RNA-binding proteins have an important role in the control of the synthesis of many spermatids and spermatozoa proteins [45] . In postmeiotic round spermatids, nucleolar reorganization is observed, and the transcription is active until the silencing of the haploid genome owing to compaction of the genome by the replacement of histones with protamines. In this type of cell the CB is condensed to its final shape, and it contains (a) components that play a role in the RNA processing (Miwi, KIF17b, Dicer, Ago, MVH DCP1a, miRNA-purple shapes); (b) components that act as proteasome folding and degradation sites (AcPs, HSP70, DNase/RNase-blue shapes). These components possibly play a role also in the acrosomal system formation; (c) components related to CB movement (actin-red shape). Due to the CB high mobility probably related to the presence of actin, there is a hypothesis that CB would link to mitochondria aggregates playing a role in the migration of mitochondria to the nuclear posterior region, where the formation of mitochondrial sheath and spermatozoon tail will take place. (d) The probable function of nucleolar proteins (light green shape) is still unclear. They could play some physiological role in the RNA metabolism, or even they could be targeted for degradation. After the spermiogenesis process mature male germ cell does not possess any residue of nucleolar nor even CB components, indicating that these materials were possibly digested at the end of the spermatogenesis process. RNPs: ribonucleoproteins; P: pachytene; D: diakinesis; A: acrosome.
CB, in the cytoplasm of spermatogonia. Initial CB assembling was only observed in the cytoplasm of primary spermatocytes, after the completion of the nucleolar fragmentation ( Figure 4 ). It has been described in the literature that the CB assembling often takes place after the nucleolar fragmentation [17, 18, 45, 52, 65] , which strongly increase the correlation between both biological process. Mature CBs were observed isolated or associated with mitochondria in the cytoplasm of primary spermatocytes (Figures 4 and 5) . This association has been described in previous studies, which gave rise to the hypothesis that the CB may originate from intermitochondrial material [12] . Other authors have suggested that the CB originates from nuclear genome products and is then supplemented by mitochondrial genome products [13] . The connection between the CB and mitochondria may also be explained by the participation of the CB in the synthesis and transport of the apocytochrome c, a type of cytochrome c isoform, which is expressed in the testis tissue [66] . The oxidase cytochrome c (COXI), an important mitochondrial component, was also reported in the CB [67] . Detection of the presence of several mitochondrial components in the CB and related structures may indicate the attractive possibility that germ cell nuagelike structures serve as a reconfirmation mechanism for the symbiotic interaction between mitochondria and the nuclear genome transmitted to the next generation [6] . Therefore, in this study, we suggest that the relationship between the CB and mitochondria can be related to the migration of these structures to the caudal nuclear region, where the development of mitochondrial sheath and spermatozoa tail take place. This has also been suggested by other authors [17, 18, 68] . Round spermatids possessed reorganized nucleoli, and their CBs reach their maximum area. CBs also could be observed isolated or in association with mitochondria in the anterior nuclear region, next to the acrosomal system (Figures 4 and 5) . The association between the CB and the Golgi complex had been previously described by other authors. Soderstrom and Parvinen [3] , Tang et al. [69] , Peruquetti et al. [17] , and Peruquetti et al. [18] suggested that the interaction between these structures could be related to acrosome formation in round spermatids, because vesicles are frequently seen moving between the Golgi complex and the CB. Large CBs linked to mitochondria were observed in the posterior nuclear region in elongated spermatids at the same region where the formation of the mitochondrial sheath and the spermatozoon tail will take place. As the CBs are seeing in different positions of the germ cells cytoplasm, it is considered a high-motility organelle, and this high motility is probably related to the presence of actin [70, 71] and calcium [72] in the CB molecular composition. This high mobility was also reported by Parvinen et al. [11] in living round spermatids of rats, which had CBs in rapidly changing positions in relation to the nuclear envelope, Golgi complex, and nuclear pale chromatin areas. Ribonucleoprotein material from the CB was not observed in the residual bodies of elongated spermatids, indicating that this material was possibly digested at the end of the spermiogenesis process [73, 74] .
In conclusion our data suggest that there is a decrease in the size and in the number of nucleoli during the meiotic division in the seminiferous tubules of O. cuniculus. Part of the material originated by nucleolar fragmentation could migrate to the cytoplasm and be sequestered by the CB. Both phenomena (nucleolar fragmentation and CB assembly) occur at the same timing during the meiotic cell cycle, and nucleolar material originated by nucleolar fragmentation could be accumulated in the CB for later degradation or because they would play some role in the CB physiology. Our results also bring more evidences that the CB may play important roles during the spermatogenesis process such as acrosomal system formation and mitochondrial sheath and spermatozoon tail development.
